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( S u m m a r y )  The authors describe an experimental device \,, 
f o r  obtaining plasma by way of mixing e lec t ron  and ion 
beams i n  a vacuum system with a pressure drop. I n  the 

lasma w a s  obtained with a densi ty  of lG2 -- 
10 3 cm- -3 i n  a vessel  pumped out t o  a pressure o f  2 
410-5 m of merc col. 

I n  the  conduct of m a n y  experimental s tud ies ,  it i s  necessary t o  have 

a plasma a t  s u f f i c i e n t l y  low pressure of n e u t r a l  gas. The known ioniza t ion  

methods (Pening discharge, high frequency discharge and o thers  (Refs. 1-4)) 
do not  furn ish  the poss i l i l i ty  of obtaining a plasma with a s u f f i c i e n a y  

high densi ty  a t  gas pressure of the order of 10-5 mm o f  merc. col.  One 

of the possible  ways of solving the  problem i s  the  use of Ilplasma beams". 

However the use of such i n j e c t o r s  i s  associated i n  a number of cases with 

d i f f i c u l t i e s  owing t o  foul ing of t h e  plasma by the  electrodes '  mater ia l  

from the  n e u t r a l  gas which follows the plasma, as well as other  reasons. 

Of great  i n t e r e s t  f o r  obtaining plasma i s  the  method of diffusion 

i n  a magnetic f i e l d  with the use of a vacuum system with a pressure drop. 

For example, such a type of plasma source was used f o r  f i l l i n g  a magnetic 

t r a p  (Ref. 5 )  and during the  conduct of experiments with plasma beams 

(Refs. 6, 7 ) .  
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Figure 1. 
1 - admission of gas ,  p = mm merc. col; 
2 - admission of gas,  p = 10-3 mm of  merc col; 
3 - p = 2 x 10-5 mm of merc col; 

General view of t e s t  device. 

4 - high frequency probe; 
5 - m5 
Captions within f igure  - 1. t o  oscil lograph; 2 - t o  H-5 pump 

One o f  the authors suggested a layout f o r  the  device for obtaining 

plasma i n  a vacuum system with a pressure drop by way of mixing electron 

and ion beams. I n  Figure 1, we have depicted schematically a device on 

which we conducted experimental invest igat ions.  

1- 1.5 m) and KD ( d  = 1 em, I =  1.5 m ) ,  a pressure drop was maintained by 

way of continuous admission and pumping out  of  gas (a i r ) .  

Along the  tube AD (d = 4 cm, 

With the  a i d  of 

a system of coils, we generated a longi tudinal  magnetic f i e l d  with a force  

of 200 - 1000 oersteds.  During the feeding of voltage from a capacitor t o  

the  electrodes,  a discharge was developed i n  a small space adjacent t o  the  

cathode K .  

i n  t h e  d i rec t ion  of the anode A and produce an ion iza t ion  of the gas i n  the 

The electrons being emitted from the  area of the cathode moved 

anode area.  The ions, having formed i n  the  anode tube, under the  e f f e c t  of 

t h e  e l e c t r i c a l  f i e l d ,  move toward the e lec t rons .  A t  t h e  moment of compensa- 

t i o n  by a flow of ions  of the s p a t i a l  charge of e lectrons,  the discharge 

cur ren t  increases sharply, and the discharge capacitor C quickly discharges. 



.. 
A t  t h i s  moment, the densi ty  of the plasma, having formed i n  the a rea  o f  the 

high vacuum, a t t a i n s  a maximum value. I n  Figure 2 we have adduced oscillograms, 

i l l u s t r a t i n g  the processes t h a t  have t ranspired.  The plasma densi ty  w a s  

measured with a s ingle  high frequency probe (sonde) (Reference 8) .  

Figure 2. Oscillograms o f  the processes during the discharge 
i n  high vacuum. 
1 - magnetic f i e l d ;  2 - s i g n a l  from the  probe, 
density 10l2 cm-3; 3 - s igna l  from the  probe, 

beginning of the  discharge. 
ning = 2.5 mill isecs .  

dens i ty  10  9 cm-3; 4 - discharge current; to - 
Duration of scan- 

Two generators were used with a frequency of 290 and 10,000 me, which 

permitted us t o  record the moment of the passage of the  plasma dens i ty  through 

the value 10 9 cm-3 and 10l2 

(aH > 0). 

I n  conformity with the theory, t h e  s igna l  

from the  probe, recording a densi ty  of 1OI2 em-3, cons is t s  of two peaks 

The s igna l  from the probe, recording 10 9 ~ m - ~ ,  has a 

rectangular  form (a,, < a), 
correspond t o  the moment of densi ty 's  passage through the value lo9  

,and  the  leading and t r a i l i n g  edges 
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From the  oscillograms adduced, i t  i s  apparent t h a t  the maximum dens i ty  

value i n  the discharge exceeds 10l2 em-’. 

Figure 3. Oscillogram showing the  pressure r i s e  a f t e r  
discharge. T i m e  markers every 2 mi l l i secs .  

I n  the study, there  w a s  conducted a measurement o f  gas pressure a f t e r  
/ 

cessat ion of the discharge. Pressure was measured with a magnetic gas 

discharge manometer, type MH-5, from which a s igna l  was fed t o  the  osc i l -  

lograph. 

connected t o  a vacuum device through a curved metal tube (Figure 1). 

For reducing the en t ry  of plasma i n t o  the  manometer, i t  w a s  

The 

admitting capaci ty  of  the connecting tube was se lec ted  t o  be grea te r  than 

t h a t  o f  the c e n t r a l  p a r t  of  the discharge tube. The gas discharge mano- 

meter has an operational iner tness  (Reference 9 ) .  We measured the  time of 

the  establishment of the discharge i n  the  manometer a t  rapid change i n  the  

vol tage i n  it from 1 t o  3 kv, which was accomplished by a s p e c i a l  c i r c u i t  

with the  use of a thyratron. A t  pressure of 2 low5 mm of merc. col. ,  

t h i s  time amounted t o  200 microsecs. The oscillogram of the s igna l  f r o m  

t h e  manometer a t  the time o f  discharge i s  adduced i n  Figure 3. The 

s i g n a l ’ s  t r a i l i n g  edge i s  determined by the pumping-out r a t e .  Since the 
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durat ion of t h e  t r a i l i n g  edge i s  much grea te r  than the time constant of 

the  manometer, the  increase i n  the gas pressure can be found by extra- 

po la t ing  the t r a i l i n g  edge up t o  the  time moment a t  the beginning of the 

discharge. The measurements conducted showed t h a t  the  gas pressure 

increases  from 2 loq5 up t o  (1 - 2)  * 10-4 mm of merc. co l . ,  which can ,' 

be explained by the recombination of the  plasma. 

were car r ied  out  a t  weaker discharges, when the plasma's m a x i m u m  densi ty  

Additional measurements 

w a s  l e s s  than 1OI2 ~ m - ~ .  I n  t h i s  case, we noted a 

i n  pressure by 20 - 50%. 

I a 

. .  
0 - ?  

0 0 - J  

e 0 

a 0  

s l i g h t  ( s i c )  increase 

Figure 4. Dependence of voltage of discharge's f i r i n g  upon 
pressure i n  area of the  cathode. 
1 - with pressure drop 
2 - without pressure drop 
Caption under x-axis: m of merc. col. 

I n  the study, we invest igated i n  more d e t a i l  the fea tures  of the  

phenomena t ranspi r ing  i n  the cathodeand anode p a r t s  of the discharge. The 

vol tage of the discharge's f i r i n g  was determined ch ief ly  by the  conditions 1 

i n  t h e  cathode a rea  and depends but  l i t t l e  on the presence of a pressure 
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a ’  

drop. 

without a pressure drop. 

gas discharge during delivery ( t o  the cathode) of a constant cont ro l led  

vol tage without a magnetic f i e l d .  The dependence derived i s  adduced i n  

Figure 4. 

This was ve r i f i ed  by measuring the  f i r i n g  voltage both with and 

Measurements were conducted f o r  a s t a t iona ry  

Pressure was changed by changing t h e  amount of gas being 

admitted. 

6.8 - 
0.7 - 

’ 0.6 - 
0.5 - 

a! 
2 0.4 - a :t- 

0.3 - 2 

0.2 - 
b . f r  t; 

t 
\ 

1 I I I , ,  

f 2 9 4 5678910 20 30 40.fO- 
~ ~ p m . c m .  . 

Figure 5 .  Dependence of delay of current  upon pressure f o r  
two voltage values i n  the  discharge capacitor.  
1 and 2 - experimental points;  s o l i d  curves = 
calculated.  I = 11.5’ kv, I1 = 1s kv. 
Captions within Figure 5 - To l e f t  o f  y-&s: 
mil l isecs;  above x-axis: per i t ;  under x-axis: 
mm of merc. col .  

O U N 8  
5 6 7 8 910 h? 14 16 

Figure 6. Dependence of i o n s ’  ve loc i ty  on voltage i n  a 
discharge-type capacitor.  
Caption t o  l e f t  of y-&s: 
Caption t o  x-axis: kv 

4 cm/sec 10- 
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A s  i s  evident from the oscillograms adduced i n  Figure 2, between the 

beginning of t h e  discharge and the time when the  discharge current  a t t a i n s  

the  m a x i m u m  value, there  i s  a delay which i s  explained i n  t h a t  the  compen- 

s a t i o n  of the s p a t i a l  charge of the  electron beam and the  increase  i n  current  

occur only a f t e r  the ions, moving f r o m  the  anode p a r t  of the discharge, have 

reached the cathode tube. A s  the measurements conducted have shown, the 

delay i n  the c u r r e n t ' s  development depends upon the voltage t o  which the 

discharge-type capacitor i s  charged, as well as on the pressure drop i n  

the  anode tube. I n  Figure 5 ,  we have shown the experimentally-obtained 

dependence of  current  delay upon pressure i n  the a rea  of high vacuum f o r  

two voltage values i n  the discharge-type capacitor.  Pressure was changed 

by a change i n  the  amount of gas being admitted. 

5, a t  pressure i n  the c e n t r a l  tube amounting t o  pCrit = 4 
col. ,  the  delay drops abrupt ly  t o  zero. This s i g n i f i e s  t h a t  t h e  number of 

A s  i s  evident i n  Figure 

10-4 mm of m e r .  

ions  being formed by an e lec t ron  beam a t  the pressure p+pcrit i s  adequate 

f o r  t h e  compensation of the s p a t i a l  charge. A t  P(Pcri t ,  the  delay i n  the 

c u r r e n t ' s  development will be f ixed  by the  time necessary f o r  the ions t o  

t r a v e r s e  the dis tance from the area i n  the  anode tube where p = P c r i t ,  

t o  t h e  cathode tube. It i s  easy t o  compute t h a t  t h i s  equals: . 

where d = the  diameter of the  anode tube (4cm); SH = the  pumping-out r a t e  

(200 l i t e rs  per see) ;  p = high vacuum pressure;  'I, = length of t h e  tube 

(70 em) where the  high vacuum i s  present;  v = average ve loc i ty  of ions '  

motion. 

From the experimentally determined t i m e  values f o r  tl and t 2  (Figure 
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5 ) ,  one can determine the  ve loc i ty  of  i ons '  ho t ioh  for both cases: v1 = 

W 5 5 ~ 3 . 5  10 cm/sec, v2 = 1 .8  * 10 cm/sec. I n  Figure 5 ,  we have adduced 

curves constructed on the  bas i s  of Eq. (1) f o r  t he  values derived for 

v. I n  Figure 6, we have indicated the ve loc i ty  o f  ions '  motion, measured 

f o r  severa l  values o f  voltages i n  the  discharge-type capaci tor .  

I n  conclusion, 

for h i s  i n t e r e s t  i n  

the authors express gra t i tude  t o  Prof. M. S.  Rabinovich 

the r epor t  and f o r  h i s  valuable comments. 
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